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ABSTRACT: 

A fuel use limiter-equipped hybrid electric car has a battery unit chargeable by an 
external charger, an electric drive- motor capable of driving wheels by electric 
power from the battery unit, an internal combustion engine for driving a generator 
to supply electric power to the electric drive motor, and a controller for 
controlling operations of the electric drive, motor and internal combustion engine. 
The hybrid electric car is further provided with a fuel-use-state detector for 
detecting a change in a parameter, which change corresponds to a quantity of fuel 
used by- the internal combustion engine since charging of the battery unit by the 
external charger. The controller limits at least one of an output of the electric 
drive motor and that of internal combustion engine when from results of a detection 
by the fuel-use-state detector, the change in the parameter is found to have 
reached a predetermined value. 
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ABSTRACT: 



A method of estimating a performance characteristic of a fuel injector is provided. 
A baseline performance curve for a predetermined type of fuel injector is 
established. At least one test point for the predetermined type of fuel injector is 
identified based on the baseline performance curve. A performance characteristic of 
a selected fuel injector of the predetermined type is measured at the at least one 
identified test point. A performance characteristic of the selected fuel injector 
is estimated based on the baseline performance curve and the measured performance 
characteristics of the selected fuel injector at the identified test point. 
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TITLE: Method for estimating fuel injector performance 



Application Filing Date : 
20021227 

Detail Description Paragraph : 

[0047] Each baseline performance curve 136 may define a relationship between a 
control signal and a performance characteristic of fuel injector 34 for a 
particular operating condition of the fuel injection system, such as, for example a 
particular fluid pressure in fluid supply rail 31. Baseline performance curve 136 
may, for example, define a relationship between a current duration and a fuel 
delivery amount for the particular fluid pressure. Baseline performance curve 136 
may be determined by measuring the amount of fuel delivered by a large population 
of fuel injectors 34 in response to a series of control signals having different 
current durations. The measured fuel delivery amounts for each control signal may 
then be averaged to define points on baseline performance curve 136. One skilled in 
the art will recognize that the points on baseline performance curve 136 may be 
determined though any statistical analysis, such as, for example, a mean value for 
the measured fuel delivery amounts. The remainder of baseline performance curve 136 
may be determined by interpolating or extrapolating between the measured fuel 
delivery amounts. 

CLAIMS : 

8. The method of claim 7, further comprising: estimating an amount of fuel to be 
delivered by each of the plurality of fuel injectors in response to each of a set 
of test control signals based on a numerical comparison of the baseline fuel 
delivery curve and the actual amount of fuel delivered by each of the plurality of 
fuel injectors in response to the set of test control signals; determining an error 
representing the difference between the estimated fuel delivery amounts and the 
baseline fuel delivery amounts for each of the plurality of fuel injectors; and 
reselecting the set of test control signals to reduce the determined error. 

14. A method of estimating an amount of fuel to be delivered by a fuel injector in 
response to a control signal, comprising: measuring an amount of fuel delivered by 
a plurality of fuel injectors of a first type in response to a plurality of control 
signals; establishing a baseline fuel delivery curve for the first type of fuel 
injector based on the measured amounts of fuel delivery of the plurality of fuel 
injectors; measuring a first fuel delivery amount for a selected fuel injector of 
the first type in response to a first control signal and a second fuel delivery 
amount for the selected fuel injector in response to a second control signal; and 
estimating a third amount of fuel delivery for the selected fuel injector in 
response to a third control signal based on a first ratio comparing the first 
amount of fuel delivery to the baseline fuel delivery curve for the first control 
signal, a second ratio comparing the second amount of fuel delivery to the baseline 
fuel delivery curve for the second control signal, and a numerical comparison of 
the first, second, and third control signals. 

15. The method of claim 14,* wherein the baseline fuel delivery curve is determined 
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for a predetermined rail pressure and each of the first, second, and third control 
signals represents a current duration. 

20. A method of identifying a set of test control signals for a fuel injector, 
comprising: measuring an actual amount of fuel delivered by each of a plurality of 
fuel injectors in response to a first set of control signals; determining a 
baseline fuel delivery curve for the plurality of fuel injectors based on the 
measured actual amounts of fuel delivered in response to each of the first set of 
control signals; estimating an amount of fuel to be delivered by each of the 
plurality of fuel injectors in response to each of a first set of control signals 
based on a numerical comparison of the baseline fuel delivery curve and the actual 
amount of fuel delivered by each of the plurality of fuel injectors in response to 
the set of test control signals; determining an error representing the difference 
between the estimated fuel delivery amounts and the actual fuel delivery amounts 
for each of the plurality of fuel injectors; and redefining the set of test control 
signals to reduce the computed error. 
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DOCUMENT-IDENTIFIER: US 5670830 A 

TITLE: Fuel use limiter-equipped hybrid electric car 



Application Filing Date (1) : 
19950428 

DATE ISSUED (1) : 
19970923 

Brief Summary Text (8) : 

For example, any attempt to increase the distance coverable by a presently- 
available • electric car per charging inevitably requires mounting of a number of 
batteries thereon because the capacity of each battery is limited. Use of such many 
batteries however leads to a substantial increase in the vehicle weight and also 
occupation of a large space inside the vehicle, resulting in the inconvenience that 
the power performance and riding comfort of the vehicle are deteriorated. Use of 
fewer batteries definitely makes it impossible to increase the distance coverable 
per charging. 



Drawing Description Text (6) : , 
FIG. 5 is a flow chart illustrating an operation- of a modification of the fuel jise. 
l imit ejy equipped hybrid electric ca* accoidxliy lb rtTS TiTst embodiment ot the 
present invention; 

Detailed Description Text (15): 

Here, specific examples of the limitation of the output of the' electric drive motor 
2 will be described with reference to FIGS. 2 and 3. In each of these diagrams, a 
solid line indicates performance characteristics when the output of the electric 
drive motor 2 is unlimited, while a broken line indicates performance 
characteristics when the output of the electric . drive motor 2 is limited. According 
to the limitation shown in FIG. 2, the torque of the electric drive motor 2 is 
gradually reduced in a range where the vehicle speed (or the rotational speed of 
the electric drive motor 2) is equal to and higher than a predetermined value. When 
the vehicle speed (or the rotational speed of the electric drive motor 2) is lower 
than the predetermined value, no torque limitation is therefore performed so that 
desired drive power can be obtained while driving uphill or upon making a start. 
When the vehicle speed (or the rotational speed of the electric drive motor 2) is 
equal to or higher than the predetermined value, on the other hand, the torque is 
limited. Owing to this .torque limitation, the driver perceives an insufficient 
output from the car so that the driver is urged to perform external charging. 
According to the limitation depicted in FIG. 3, a limitation is imposed on the 
maximum torque irrespective of the rotational speed of the electric drive motor. By 
making the driver perceive insufficiency in the maximum torque of the car, the 
driver is urged to perform external charging. Although the limitation can be 
practiced in either way, the output limitation method shown in FIG. 2 is preferred 
from the practical standpoint which has taken into consideration the performance 
while driving uphill or upon making a start. 

Detailed Description Text (26) : 

Since the driver cannot freely drive the car when the output is lowered as 
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described above, the driver is motivated to always maintain the capacity of the 
battery unit at a sufficient level by external charging. Although the electric 
vehicle is a hybrid electric car, the driver can drive the car without relying upon 
the internal combustion engine. 

CLAIMS : 

27. An output control method for a hybrid electric vehicle having a rechargeable 
battery unit rechargeable by an external charging unit, an electric motor which 
drives vehicle wheels by obtaining electrical power from said battery unit, an 
internal combustion engine which drives a generator to recharge said battery unit, 
and a controller which controls operations of said electric motor and said internal 
combustion engine, comprising: 

detecting a change in a parameter corresponding to an amount of fuel which! has been 
used by said internal combustion engine after said battery unit was recharged by 
said external charging unit; and 

limiting an output of at least one of said electric motor and said internal 
combustion engine when said change in said parameter r^ggfiSs >a predetermined value. 

28. An output control method for a hybrid electric car having a battery unit 
chargeable by externa-1 charging unit, an electric drive motor which drives vehicle 
wheels by obtaining electrical power from said battery unit, an internal combustion 
engine which drives said vehicle wheels, and a controller which controls operations 
of said electric drive motor and said internal combustion engine, comprising: 

detecting a change in a parameter corresponding to an amount of fuel which has been 
used by said internal combustion engine after said battery unit was recharged by 
said external charging unit; and 

limiting an output of at least . one of said electric drive motor and said internal 
combustion engine when said change in said parameter reaches a predetermined value.' 
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ART-UNIT: 234 

PRIMARY-EXAMINER: Lall; Parshotam S. 
ASSISTANT-EXAMINER: Yacura; Gary D. 
ATTY-AGENT-FIRM: Townsend and Townsend 
ABSTRACT: 

A user accessible electornic fuel injection system is disclosed which is modifiable 
to fit a range of engine configurations, preferably with a staged fuel injection 
curve and with the capability of recording speed, fuel delivery rate and other 
engine performance parameters. The system includes computer software which directly 
controls the fuel injection hardware in an automobile. This software contains a 
serial communication routine which services the external requests of a control 
program running on a personal computer, plus engine management software which 
controls timing functions based on engine related information. 

8 Claims, 4 Drawing figures 
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L32: Entry 17 of 24 



File: USPT 



Oct 8, 1991 



DOCUMENT-IDENTIFIER: US 5056026 A 

TITLE: User modifiable fuel injection computer 



Abstract Text (1) : 

A user accessible electornic fuel injection system is disclosed which is modifiable 
to fit a range of engine configurations, preferably with a staged fuel injection 
curve and with the capability of recording speed, fuel delivery rate and other 
engine performance parameters. The system includes computer software which directly 
controls the fuel injection hardware in an automobile. This software contains a 
serial communication routine which services the external requests of a control 
program running on a personal computer, plus engine management software which 
controls timing functions based on engine related information. 



Application Filing Date (1) : 
19890705 ~~ 

DATE ISSUED (1) : 
19911008 



Brief Summary Text (3) : 

Motor vehicles are now commonly manufactured with electronic fuel injection 
(E.F.I.) . There are good reasons for the move to E.F.I. A good E.F.I, system will 
produce considerably more power using less fuel and also generate less pollution 
than carburetion on the same vehicle . In an age of high fuel costs, energy 
conservation and restrictive pollution laws, the trend towards E.F.I, will 
continue. 

Brief Summary Text ( 4 ) : 

Present E.F.I, computers however are "black boxes" which are dedicated to a 
particular engine model. They cannot be readily serviced or interchanged with- other 
types of vehicles . This has the disadvantage that conventional naturally aspirated 
engines cannot be easily converted to E.F.I. Further, in factory equipped E.F.I. 
vehicles any subsequent modifications to the engine such as for example turbo 
charging or increase in the compression ratio, cannot be matched by the required 
alteration to the E.F.I. 



Detailed Description Text (2) : 

There are three distinct parts to the programmable fuel injection computer 
according to this invention. These are the hardware (FIG. 1) which remains in the • 
car, the software (FIG. 2) which drives this hardware and the software (FIG. 3) 
which allows the system to be configured to suit a particular vehicle and which 
runs on an external personal computer. 

Detailed Description Text (5) : 

As well as these two main programs the in-car computer software has an optional 
routine 2B which controls an external key-pad. Its purpose is to act as a remote 
electronic key, for locking and unlocking the car computer. To unlock the system 
the operator must enter a four digit pin number before an interrupt mask on the 
engine position sensors will be removed and program control passed to the serial, 
routine. The pin number entered by the operator is compared to an internal 
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reference stored in EE PROM, giving a 1 in 10,000 chance of guessing the internal 
key. In addition to this the operator has the ability to create and delete an 
additional pin number as well as the prime pin number at will. This allows access 
to the vehicle by persons other than themselves without disclosing their prime pin 
number, and also allows them to change the prime pin number if necessary. To lock 
the system a single key is depressed when the engine is off and the ignition is in 
the accessories or on position. This causes an internal flag to be set in EE PROM 
and program control to be passed to key-pad routine. 

Detailed Description Paragraph Table (1) : 

TABLE 1 <F1> : RANGE (1) 0-1000 RPM ******** 

<F2> : RANGE (2) 1000-2000 RPM Press F1-F9 <F3> : RANGE (3) 2000-3000 RPM to view 
maps.' <F4> : RANGE (4) 3000-4000 RPM <F5> : RANGE (5) 4000-5000 RPM <F6> : RANGE 
(6) 5000-6000 RPM <F7> : RANGE (7) 6000-7000 RPM <F8> : RANGE (8) 7000-8000 RPM 
Press "L" to load vehicle in formation. <F9> : CURRENT POSITION <F10> : WARM UP 
CHARACTERISTICS <S> : STORE VECHICLE INFORMATION TO DISK <L> : LOAD VECHICLE 
INFORMATION FROM DISK ********* <m> : SUB MENU All secondary functions in sub menu 
press K M x <ESC> : EXIT to system 
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• L32: Entry 13 of 24 



File: USPT 



May 11, 1999 



DOCUMENT-IDENTIFIER: US 5901684 A 

TITLE: Method for processing crankshaft speed fluctuations for control applications 

Application Filing Date ( 1 ) : 
19980914 

DATE ISSUED (1) : 
19990511 

Brief Summary Text (3) : 

The present invention relates generally to internal combustion engines in 
automotive vehicles and, more particularly, to a method of determining combustion 
stability of the engine and controlling the fuel injection pulsewidth to fuel 
injectors for the engine, especially following a cold start. 

Brief Summary Text (5) : 

Automotive vehicles commonly employ a port-injected internal combustion engine in 
which a fuel injector sprays fuel into air in an intake manifold of the engine near 
an intake valve of a cylinder as air gets pulled into the cylinder during the 
cylinder f s intake stroke. The conventional fuel injector is typically controlled in 
response to a fuel injection pulsewidth signal in which the pulsewidth determines 
the amount of fuel injected into the corresponding cylinder of the engine. The fuel 
injection pulsewidth signal can be implemented to follow a programmed target fuel 
injection curve. The programmed target fuel injection curve determines the fuel 
injection pulsewidth and is generally utilized to provide adequate engine 
performance when feedback engine control is not available. 

Brief Summary Text ( 6) : 

Many automotive vehicles commonly employ an oxygen (O.sub.2) sensor generally 
disposed upstream of the exhaust system for sensing the oxygen level in the exhaust 
gas emitted from the engine. The oxygen sensor can serve to provide a feedback 
signal to control engine operation and adjust fuel injection to the engine to 
achieve good engine performance. However, some conventional oxygen sensors are 
required to warm up to a sufficiently high temperature before an accurate oxygen 
sensor reading may be obtained. Also, following an engine start, the oxygen sensor 
and processing devices initially may not have acquired enough information to 
provide adequate feedback control. Therefore, for a period of time immediately 
following cold start up of the vehicle engine, the oxygen sensor may not be capable 
of providing accurate information with which the engine may be controlled to 
operate to achieve low hydrocarbon emissions. As a consequence, excessive 
hydrocarbon emissions may be emitted from the vehicle within the immediate period 
following start up of the engine. 

Brief Summary Text (10): 

It is therefore one object of the. present invention to provide for* control of a 
vehicle engine based on a learned measurement of combustion stability of the 
engine. 

Brief Summary Text (11) : 

It is another object of the present invention to provide for a learned combustion 
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stability value which may be employed to control engine operation while maintaining 
adequate driveability and performance of the vehicle . 

Brief Summary Text (15) : 

According to one embodiment, the learned combustion stability value is 
advantageously employed so as to modify the fuel injection to an internal 
combustion engine, especially following a cold engine start so as to reduce 
hydrocarbon emissions. This is accomplished by modifying a programmed target fuel 
injection signal pulsewidth as a function of the learned combustion related value 
so as to reduce the fuel injected into the engine by fuel injectors. By reducing 
fuel injection as a function of the learned combustion stability value, reduced 
hydrocarbon emissions can be realized while maintaining good driveability and 
performance of the vehicle . 

Drawing Description Text (3) : 

FIG. 1 is a schematic diagram of an electronic fuel injection system illustrated in 
operational relationship with an internal combustion engine and exhaust system of 
an automotive vehicle ; 

Drawing Description Text (4 ) : 

FIG. 2 is a block diagram further illustrating components of a vehicle used for 
sensing engine speed from a crankshaft and modifying fuel injection to the engine; 

Drawing Description Text (7 ) : 

FIG. 5 is a graph illustrating engine fuel injection modification and shows a 
programmed fuel control curve contrasted with a modified fuel control curve ; and 

Detailed Description Text (2) : 

Turning now to FIG. 1, an electronic fuel injection system 10 is illustrated in 
operational relationship with an internal combustion engine 12 and an exhaust 
system 14 of an automotive vehicle (not shown) . The exhaust system 14 includes an 
exhaust manifold 16 connected to the engine 12 and a catalyst 18 such as a 
catalytic converter connected by an upstream conduit 20 to the exhaust manifold 16. 
The exhaust system 14 also includes a downstream conduit 22 connected to the 
catalyst 18 and extending downstream to a muffler (not shown) . The internal 
combustion engine 12 is a fuel injected engine and includes an intake manifold 24 
connected to the engine 12 and a throttle body 26 connected to the intake manifold 
24. The engine 12 also includes an air filter 28 connected by a conduit 29 to the 
throttle body 26. It should be appreciated that the engine 12 and exhaust system 14 
are conventional and known in the art. 

Detailed Description Text (4) : 

Referring to FIG. 2, a block diagram is provided which illustrates the components 
of the automotive vehicle 25 for measuring engine speed, determining a combustion 
related value and modifying fuel injection to the engine. A partial cut-away view 
of engine 12 is shown illustrating one of a multiple of cylinders 42 in the engine 
12. As illustrated, a piston 44 is disposed in the cylinder 42 and is operatively 
connected by a connecting rod 4 6 to a crankshaft 48. A camshaft 50 is used to open 
and close at least one valve (not shown) of the cylinder 42 for various strokes of 
the piston 44. The piston 44 is illustrated in the expansion (power) stroke of a 
four stroke engine. In such a four stroke engine, the strokes include intake, 
compression, expansion (power), and exhaust. During the exhaust stroke, exhaust 
gases flow from the cylinder 42 via at least one valve and through the exhaust 
system 14. Although the embodiment shown is a four stroke engine, the principles of 
the present invention can also be applied to other internal combustion engines, 
such as a two stroke engine. It should be appreciated that a spark plug is present 
in the preferred embodiment, although it is not illustrated herein. 

Detailed Description Text (5) : 

The automatic vehicle 25 further includes a sensor target 52 operatively connected 
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to the crankshaft 48. The sensor target 52 has at least one, and preferably a 
plurality of trip points, which in the preferred embodiment are provided as slots 
54, formed by teeth 56. The vehicle 25 also includes a crankshaft sensor 58 for 
communicating with the -sensor target 52 and a camshaft sensor 60 in communication 
with the camshaft 50. The vehicle 25 further includes the manifold absolute 
pressure (MAP) sensor 36, throttle position sensor 34, a vehicle speed sensor 62 
and an engine temperature sensor 38. The outputs of the sensors 58, 60, 36, 34, 62 
and 38 communicate with the engine controller 30. 

Detailed Description Text (6): 

The engine controller 30 includes a micro-controller 64 with a digital filter 66, 
memory 68, signal conditioning circuitry 70. and analog-to-digital (A/D) converters 
72 to process outputs from the various sensors according to the methodology to be 
described hereinafter. In the preferred embodiment, the outputs of crankshaft 
sensor 58, camshaft sensor 60, and vehicle speed sensor 62 communicate with the . 
micro-controller 64 via appropriate signal conditioning circuitry 70 which is 
particularized to the type of sensor employed. The output of the manifold absolute 
pressure sensor 36, throttle position sensor 34 and engine coolant temperature 
sensor 38 communicate with the micro-controller 64 via the A/D converters 72. The 
engine controller 30 including microcontroller 64 with digital filter 66 is used to 
determine a learned combustion stability value and modify a fuel injection control 
signal as will be described in more detail hereinafter. Memory 68 is a generic 
memory which may include Random Access Memory (RAM), Read Only Memory (ROM) or 
other appropriate memory. It should" also be appreciated that the engine controller 
30 also includes various timers, counters and like components. 

Detailed Description Text (10): 

In order to illustrate operation of the fuel injection modification methodology 
100, FIG. 5 illustrates a programmed target fuel injection curve 126 contrasted 
with a reduced fuel injection curve 128 as provided by the fuel modification 
multiplier determined as described in connection with FIG. 4. For a period of time 
following vehicle startup, the fuel modification methodology 100 utilizes the 
combustion metric value so as to reduce the amount of fuel injected into the 
individual cylinders of the engine as may be appropriate to reduce hydrocarbon 
emissions emitted from the vehicle . The time period for modifying the fuel 
injection preferably lasts long enough until effective feedback control with the 
oxygen sensor may be realized. The time period may be set for forty seconds, 
according to one example, however, varying time periods may be necessary depending 
upon the engine, temperature, fuel combustibility as well as other factors. 
According to the example shown, it is preferred that the fuel modification 
methodology 100 be utilized to reduce the amount of fuel injected into the engine. 
It is also preferred that the modified fuel injection curve 128 does not exceed the 
programmed target fuel injection curve 126. 

Detailed Description Text (11) : 

Referring to FIG. 6, a methodology 130 is illustrated for both computing a learned 
combustion-related value and utilizing the combustion-related value to provide fuel 
modification to fuel injectors of the engine. Methodology 130 begins with block 132 
to obtain engine data such as engine speed, manifold absolute pressure and coolant 
temperature. Methodology 130 proceeds to block 134 to calculate the combustion 
metric value as was described above in connection with FIG. 3. An average 
combustion metric value is computed pursuant to block 136. Also, a determined 
expected combustion metric value is determined from the engine data and 
calibrations as provided in block 138. The computed average combustion metric value 
and the determined expected combustion metric value are compared via block 140 to 
provide a difference output between the two input signals. According to block 142, 
methodology 100 uses proportional-integral-differential (PID) control to control 
the combustion quality of the engine by calculating and applying a fuel injector 
pulsewidth multiplier to the programmed fuel injection signal to reduce the amount 
of fuel applied to the engine. Fuel reduction is provided, yet maintaining adequate 
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driveability and performance of the vehicle, with reduced emissions when possible, 
especially following a cold engine start of the vehicle . Accordingly, the modified 
fuel injection reduces hydrocarbon emissions while maintaining good driveability of 
the vehicle when the oxygen sensor and/or feedback control may not be available. 
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L27: Entry 9 of 13 



File: USPT 



Nov 11, 1975 



DOCUMENT-IDENTIFIER: US 3918417 A 
TITLE: Electronic fuel injection system 



Application Filing Date (1) : 
19721027 

DATE ISSUED (1) : 
19751111 

Brief Summary Text (7) : 

In relation to the primary engine operating parameter, the fuel quantity Q is 
defined by a linear fuel control curve characterized by a slope and an offset. The 
slope of the fuel control curve is determined by the preselected function of the 
secondary engine operating parameter which is multiplicatively related to the 
primary engine operating parameter. The offset of the fuel control curve is 
determined by the preselected function of the secondary engine operating parameter 
which is additively related to the primary engine operating parameter. 

Detailed Description Text (42) : 

which defines a linear or straight-line fuel control curve F as shown in FIG. 4. 
Detailed Description Text (43) : 

Referring to FIG. 4, the fuel control curve F is described within a two-dimensional 
coordinate system defined by a horizontally disposed X-axis and a vertically 
disposed Y-axis which perpendicularly intersect at an origin 0. The primary control 
time period T.sub.p, which is defined as a preselected function of the air pressure 
within the intake manifold 20, is plotted along the X-axis. The fuel quantity Q is 
plotted along the Y-axis. The fuel control curve F is characterized by a slope and 
an offset. The slope of the fuel control curve F is given by the ratio (Y'/x') of 
the distance Y f traced along the Y-axis to the distance x' traced along the X-axis 
when an imaginary point is moved a distance a along the fuel control curve F. The 
offset of the fuel control curve F is given by the distance b between the origin 0 
and the intersection U of the fuel control curve F with the Y-axis. This 
intersection is only theoretical since the primary control time period T.sub.p is 
never zero in actual practice. 

Detailed Description Text (44): 

Referring to equation 3, the slope of the fuel control curve F is defined by the 
term (1 + I.sub.c /I.sub.d). Changes in the slope term of equation 3, which are 
defined as a preselected function of the temperature of the engine 10, have the 
effect of rotating the fuel control curve F about the Y-axis intercept U as 
depicted by the double-headed arrow 178. The offset, of the fuel control curve F is 
defined by the term (L.sub.i - L.sub.f) C/I.sub.d. Changes in the offset term of 
equation 3, which are defined as a preselected function of the supply voltage of 
the vehicle battery 36, have the effect of vertically shifting the Y-axis intercept 
U of the fuel control curve F as depicted by the double-headed arrow 180. Depending 
upon the relative magnitudes of the initial level L.sub.i and the final level 
L.sub.f of the control voltage V, the net sign of the offset term (L.sub.i - 
L.sub.f) C/I.sub.d may be plus (+) or minus (-) . Accordingly, the Y-axis intercept 
U of the fuel control curve F may be shifted above or below the origin O. Since the 
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final level L.sub.f is greater than the initial level L.sub.i in FIG. 2, the Y-axis 
intercept U of the fuel control curve F is appropriately located below the origin 0 
in FIG. 4. 

Detailed Description Text (45) : 

The net change in the amount of fuel delivered to the engine 10 as a result of 
variations in the temperature of the engine 10 is dependent upon the pressure of 
the air within the intake manifold 20. Given a constant air mass within the intake 
manifold 20, the intake air pressure is directly proportional to the intake air 
temperature. Further, the amount of fuel condensation and the amount of fuel 
vaporization are directly proportional to the quantity of fuel injected into the 
intake manifold 20 as primarily determined by the intake air pressure. Thus, the 
intake air temperature, the engine coolant temperature, and the injected fuel 
temperature are multiplicatively related as engine operating parameters to the 
intake air pressure. Consequently, the slope (y'/x ! ) of the fuel control curve F 
should be a function of these various temperatures only. This criteria is satisfied 
by the slope term (1 + I.sub.c /I.sub.d) of equation 3. Preferably, only the charge 
current I.sub.c is controlled as a function of engine temperature, while the 
discharge current I.sub.d is fixed. 

Detailed Description Text (46) : 

The net change in the amount of fuel delivered to the engine 10 as a result of 
variations in the supply voltage of the vehicle battery 36 is independent of the 
pressure of the air within the intake manifold 20. Hence, the battery supply 
voltage is additively related as an engine operating parameter to the intake air 
pressure. Therefore, the offset b of the fuel control curve F should be a function 
of the vehicle battery voltage only. Assuming the discharge current I.sub.d is 
fixed, this criteria is satisfied by the offset term (L.sub.i - L.sub.f) C/I.sub.d 
of equation 3. The magnitude of the final level L.sub.f is controlled as a function 
of the battery supply voltage. 
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28-5601. Definitions 

In this article and articles 2 and 5 of this chapter, unless the context otherwise 
requires: 

1. "Blending": 

(a) Means the mixing of one or more products, regardless of the original 
character of the product blended, if the product obtained by the blending is 
capable of use or otherwise sold for use in the generation of power for the 
propulsion of a motor vehicle, aircraft or watercraft. 

(b) Does not include blending that occurs in the process of refining by the 
original refiner of crude petroleum or the blending of products known as 
lubricating oil and greases. 

2. "Bulk end user" means a person who receives into the person's own storage 
facilities in transport truck lots motor fuel for the person's own consumption. 

3. "Bulk plant" means a motor fuel storage and distribution facility that is not 
a terminal and from which motor fuel may be removed at a rack. 

4. "Bulk transfer" means any transfer of motor fuel from one location to 
another by pipeline tender or marine delivery within the bulk transfer terminal 
system. 

5. "Bulk transfer terminal system" means the motor fuel distribution system 
consisting of refineries, pipelines, marine vessels and terminals. Motor fuel in 
a refinery, pipeline, vessel or terminal is in the bulk transfer terminal system. 
Motor fuel in the fuel supply tank of any engine, or in any tank car, rail car, 
trailer, truck or other equipment suitable for ground transportation, is not in 
the bulk transfer terminal system. 

6. "Consumer" means the end purchaser of motor vehicle fuel for use on the 
highways in this state, the end purchaser of motor vehicle fuel for use in 
watercraft on waterways of this state or the end purchaser of aviation fuel for 
use in aircraft. 

7. "Destination state" means the state, territory or foreign country to which 
motor fuel is directed for delivery into a storage facility, a receptacle, a 
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container or a type of transportation equipment for the purpose of resale or 
use. 

8. "Distributor" means a person who acquires motor fuel from a supplier or 
another distributor for subsequent sale or use and who may blend or import 
into or export from this state motor fuel in the original package or container or 
otherwise but excluding a person who imports motor fuel in the fuel tank of a 
motor vehicle or aircraft. 

9. "Dyed diesel fuel" means diesel fuel that is dyed pursuant to United States 
internal revenue service regulations or requirements, including any invisible 
marker requirements. 

10. "Fuel tank" means a receptacle on a motor vehicle, watercraft or aircraft 
from which fuel is supplied for the propulsion of the motor vehicle, watercraft 
or aircraft, excluding a cargo tank but including a separate compartment of a 
cargo tank used as a fuel tank and an auxiliary tank or receptacle of any kind 
from which fuel is supplied for the propulsion of the motor vehicle, watercraft 
or aircraft, whether or not the tank or receptacle is directly connected to the 
fuel supply line of the motor vehicle, watercraft or aircraft. 

1 1 . "Highway" means any way or place in this state of whatever nature that is 
maintained by public monies and that is open to the use of the public for 
purposes of vehicular travel, including a highway under construction. 

12. "In this state" means any way or place within the exterior limits of the 
state of Arizona that is maintained by public monies, including any such way 
or place that is owned by or ceded to the United States of America. 

13. "Indian reservation" means all lands that are within the limits of areas set 
aside by the United States for the exclusive use and occupancy of Indian tribes 
by treaty, law or executive order and that are currently recognized as Indian 
reservations by the United States department of the interior. 

14. "Indian tribe" means any organized nation, tribe, band or community 
recognized as an Indian tribe by the United States department of the interior. 

15. "Interstate user" means a person registering a use class motor vehicle 
under chapter 7, article 7 or 8 of this title or section 28-2321 or 28-2324. 
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16. "Invoiced gallons" means the gallons actually billed on an invoice in 
payment to a supplier. 

17. "Light class motor vehicle" means a motor vehicle that uses use fuel on 
the highways in this state but excludes a road tractor, truck tractor, truck or 
passenger carrying vehicle having a declared gross vehicle weight of more 
than twenty-six thousand pounds or having more than two axles. 

18. "Motor fuel" means motor vehicle fuel, use fuel and aviation fuel. 

19. "Motor vehicle" means a self-propelled vehicle required to be licensed or 
subject to licensing for operation on a highway. 

20. "Permissive supplier" means an out-of-state supplier that elects, but is not 
required, to have a supplier's license pursuant to this article. 

21. "Person" means an individual, firm, partnership, joint venture, association, 
corporation, estate, trust, business trust, receiver or syndicate, this state, any 
county, city, town, district or other subdivision of this state, an Indian tribe, or 
any other group or combination acting as a unit. 

22. "Position holder": 

(a) Means the person who holds the inventory position in motor fuel in a 
terminal, as reflected on the records of the terminal operator. For the purposes 
of this subdivision, "a person who holds the inventory position in motor fuel" 
means a person who has a contract with the terminal operator for the use of 
storage facilities and terminaling services for fuel at the terminal. 

(b) Includes a terminal operator who owns fuel in the terminal. 

23. "Public monies" means those monies that are received by this state and 
that are derived all or in part from tax revenues or other funding sources. 

24. "Qualified terminal" means a terminal that is designated as a qualified 
terminal pursuant to the United States internal revenue code, regulation and 
practices and that has been assigned a terminal control number by the United 
States internal revenue service. 

25. "Rack" means a mechanism for delivering motor fuel from a refinery, a 
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terminal or a bulk plant into a railroad tank car, a transport truck or other 
means of transfer that is outside the bulk transfer terminal system. 

26. "Refiner" means amy person who owns, operates or otherwise contra 



Page 1 of 3 



RCW 82.36.010 
Definitions. 

The definitions in this section apply throughout this chapter unless the context clearly requires otherwise. 

(1) "Blended fuel" means a mixture of motor vehicle fuel and another liquid, other than a de minimis 
amount of the liquid, that can be used as a fuel to propel a motor vehicle. 

(2) "Bond" means a bond duly executed with a corporate surety qualified under chapter 48.28 RCW, which 
bond is payable to the state of Washington conditioned upon faithful performance of ail requirements of this 
chapter, including the payment of all taxes, penalties, and other obligations arising out of this chapter. 

(3) "Bulk transfer" means a transfer of motor vehicle fuel by pipeline or vessel. 

(4) "Bulk transfer-terminal system" means the motor vehicle fuel distribution system consisting of 
refineries, pipelines, vessels, and terminals. Motor vehicle fuel in a refinery, pipeline, vessel, or terminal is in 
the bulk transfer-terminal system. Motor vehicle fuel in the fuel tank of an engine, motor vehicle, or in a railcar, 
trailer, truck, or other equipment suitable for ground transportation is not in the bulk transfer-terminal system. 

(5) "Dealer" means a person engaged in the retail sale of motor vehicle fuel. 

(6) "Department" means the department of licensing. 

(7) "Director" means the director of licensing. 

(8) "Evasion" or "evade" means to diminish or avoid the computation, assessment, or payment of 
authorized taxes or fees through: 

(a) A knowing: False statement; misrepresentation of fact; or other act of deception; or 

(b) An intentional: Omission; failure to file a return or report; or other act of deception: 

(9) "Export" means to obtain motor vehicle fuel in this state for sales or distribution outside the state. 

(10) "Highway" means every way or place open to the use of the public, as a matter of right, for the 
purpose of vehicular travel. 

(11) "Import" means to bring motor vehicle fuel into this state by a means of conveyance other than the 
fuel supply tank of a motor vehicle. 

(12) "Licensee" means a person holding a license issued under this chapter. 

(13) "Marine fuel dealer" means a person engaged in the retail sale of motor vehicle fuel whose place of 
business and/or sale outlet is located upon a navigable waterway. 

(14) "Motor vehicle fuel blender" means a person who produces blended motor fuel outside the bulk 
transfer-terminal system. 

(15) "Motor vehicle fuel distributor" means a person who acquires motor vehicle fuel from a supplier, 
distributor, or licensee for subsequent sale and distribution. 

(16) "Motor vehicle fuel exporter" means a person who purchases motor vehicle fuel in this state and 
directly exports the fuel by a means other than the bulk transfer-terminal system to a destination outside of the 
state. If the exporter of record is acting as an agent, the person for whom the agent is acting is the exporter. If 
there is no exporter of record, the owner of the motor fuel at the time of exportation is the exporter. 

(17) "Motor vehicle fuel importer" means a person who imports motor vehicle fuel into the state by a means 
other than the bulk transfer-terminal system. If the importer of record is acting as an agent, the person for 
whom the agent is acting is the importer. If there is no importer of record, the owner of the motor vehicle fuel 
at the time of importation is the importer. 

(18) "Motor vehicle fuel supplier 1 ' means a person who holds a federal certificate of registry that is issued 
under the internal revenue code and authorizes the person to enter into federal tax-free transactions on motor 
vehicle fuel in the bulk transfer-terminal system. 
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(19) "Motor vehicle" means a self-propelled vehicle designed for operation upon land utilizing motor vehicle 
fuel as the means of propulsion. 

(20) "Motor vehicle fuel" means gasoline and any other inflammable gas or liquid, by whatsoever name the 
gasoline, gas, or liquid may be known or sold, the chief use of which is as fuel for the propulsion of motor 
vehicles or motorboats. 

(21) "Person" means a natural person, fiduciary, association, or corporation. The term "person" as applied 
to an association means and includes the partners or members thereof, and as applied to corporations, the 
officers thereof. 

(22) "Position holder" means a person who holds the inventory position in motor vehicle fuel, as reflected 
by the records of the terminal operator. A person holds the inventory position in motor vehicle fuel if the 
person has a contractual agreement with the terminal for the use of storage facilities and terminating services 
at a terminal with respect to motor vehicle fuel. "Position holder" includes a terminal operator that owns motor 
vehicle fuel in their terminal. 

(23) "Rack" means a mechanism for delivering motor vehicle fuel from a refinery or terminal into a truck, 
trailer, railcar, or other means of nonbulk transfer. 

(24) "Refiner" means a person who owns, operates, or otherwise controls a refinery. 

(25) "Removal" means a physical transfer of motor vehicle fuel other than by evaporation, loss, or 
destruction. 

(26) "Terminal" means a motor vehicle fuel storage and cfistribution facility that has been assigned a 
terminal control number by the internal revenue service, is supplied by pipeline or vessel, and from which 
reportable motor vehicle fuel is removed at a rack. 

(27) "Terminal operator" means a person who owns, operates, or otherwise controls a terminal. 

(28) "Two-party exchange" or "buy-sell agreement* means a transaction in which taxable motor vehicle fuel 
is transferred from one licensed supplier to another licensed supplier under an exchange or buy-sell 
agreement whereby the supplier that is the position holder agrees to deliver taxable motor vehicle fuel to the 
other supplier or the other supplier's customer at the rack of the terminal at which the delivering supplier is the 
position holder. 

[2001 c 270 § 1; 1998 c 176 § 6. Prior: 1995 c 287 § 1; 1995 c 274 § 20; 1993 c 54 § 1; 1991 c 339 § 13; 1990 c 250 § 79; 1987 c 
174 § 1; 1983 1st ex.s. c 49 § 25; 1981 c 342 § 1; 1979 c 158 § 223; 1977 ex.s. c 317 § 1; 1971 ex.s. c 156 § 1; 1967 c 153 § 1; 
1965 ex.s. c 79 § 1; 1961 c 15 § 82.36.010; prior: 1939 c 177 § 1; 1933 c 58 § 1; RRS § 8327-1; prior. 1921 c 173 § 1.] 

NOTES: 

Severability - 1990 c 250: See note following RCW 46.16.301. 

Effective date - 1987 c 174: "This act is necessary for the immediate preservation of the public peace, 
health, and safety, the support of the state government and its existing public institutions, and shall take effect 
June 1, 1987." [1987 c 174 § 8.] 

Severability - Effective date - 1983 1st ex.s. c 49: See RCW 36.79.900 and 36.79.901. 

Effective date - 1981 c 342: "This act is necessary for the immediate preservation of the public peace, 
health, and safety, the support of the state government and its existing public institutions, and shall take effect 
July 1, 1981. This act shall only take effect upon the passage of Senate Bills No. 3669 and 3699, and if 
Senate Bills No. 3669 and 3699 are not both enacted by the 1981 regular session of the legislature this 
amendatory act shall be null and void in its entirety." [1981 c 342 § 12.] Senate Bills No. 3669 and 3699 
became 1981 c 315 and 1981 c 316, respectively. 

Severability - 1981 c 342: "If any provision of this act or its application to any person or circumstance is 
held invalid, the remainder of the act or the application of the provision to other persons or circumstances is 
not affected." [1981 c 342 § 13.] 
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Effective dates - 1977 ex.s. c 317: 'This 1977 amendatory act is necessary for the immediate 
preservation of the public peace, health, and safety, the support of the state government and its existing 
public institutions, and shall take effect on July 1, 1977, except for section 9, which shall take effect on 
September 1, 1977." [1977 ex.s. c 317 § 24.] 

Severability - 1977 ex.s. c 317: "If any provision of this 1977 amendatory act, or its application to any 
person or circumstance is held invalid, the remainder of the act, or the application of the provision to other 
persons or circumstances is not affected." [1977 ex.s. c 317 § 23 ] 
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BLENDER: Any person who produces blended motor fuel outside of the 
bulk transfer/terminal system. 

BULK END USER: A person who receives into the person's own 
storage facilities by transport truck or tank wagon motor fuel for the 
person's own consumption 

DIESEL FUEL: Any liquid other than gasoline that is capable of use as 
a fuel or a component of a fuel in a motor vehicle that is propelled by a 
diesel-powered engine or in a diesel-powered train. Diesel fuel includes 
number 1 and number 2 fuel oils, kerosene, dyed diesel fuel, and mineral 
spirits. Diesel fuel also includes any blendstock or additive that is sold for 
blending with diesel fuel, any liquid prepared, advertised, offered for sale, 
sold for use as, or used in the generation of power for the propulsion of a 
diesel-powered engine, airplane, or marine vessel. An additive or 
blendstock is presumed to be sold for blending unless a certification is 
obtained for federal purposes that the substance is for a use other than 
blending for diesel fuel. Diesel fuel does not include an excluded liquid. 

DYED DIESEL FUEL: Diesel fuel that is dyed in accordance with internal 
revenue service rules or pursuant to any other internal revenue service 
requirements, including any invisible marker requirements. 

ELIGIBLE PURCHASER: A person who has been authorized by the 
department under section 75 to make the election under section 74. 
Purchases fuel from a licensed Supplier and may elect to defer payment 
of the tax until one (1) business day before the tax is due to be remitted 
to the department by the Supplier. 

EXPORT: To obtain motor fuel in this state for sale or other distribution 
outside of this state. Motor fuel delivered outside of this state by or for 
the seller constitutes an export by the seller and motor fuel delivered 
outside of this state by or for the purchaser constitutes an export by the 
purchaser. 
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FUEL TRANSPORTATION VEHICLE: A vehicle designed or used to 
transport motor fuel on the public roads or highways. Fuel transportation 
vehicle includes, but is not limited to, a transport truck and a tank wagon. 
Fuel transportation vehicle does not include a vehicle transporting a 
nurse tank or limited volume auxiliary-mounted supply tank used for 
fueling an implement of husbandry. 

GASOHOL: A blended motor fuel composed of gasoline and fuel grade 
ethanol. 

GASOLINE: Includes gasoline, alcohol, gasohol, casing head or natural 
gasoline, benzol, benzine, naphtha, and any blendstock, additive, or 
other products including methanol that is sold for blending with gasoline 
other than products typically sold in containers of less than 5 gallons. 
Gasoline also includes a liquid prepared, advertised, offered for sale, 
sold for use as, or used in the generation of power for the propulsion of a 
motor vehicle, airplane, or marine vessel, including a product obtained by 
blending together any 1 or more products of petroleum, with or without 
another product, and regardless of the original character of the 
petroleum products blended, if the product obtained by the blending is 
capable of use in the generation of power for the propulsion of a motor 
vehicle, airplane, or marine vessel. The blending of all of the above 
named products, regardless of their name or characteristics, shall 
conclusively be presumed to have been done to produce motor fuel, 
unless the product obtained by the blending is entirely incapable of use 
as motor fuel. Gasoline also includes transmix. Gasoline does not 
include diesel fuel. An additive or blendstock is presumed to be sold for 
blending unless a certification is obtained for federal purposes that the 
substance is for a use other than blending for gasoline. 

IMPORT: To bring motor fuel into this state by motor vehicle, marine 
vessel, pipeline, or any other means. However, import does not include 
bringing motor fuel into this state in the fuel supply tank of a motor 
vehicle if the motor fuel is used to power that motor vehicle. Motor fuel 
delivered into this state from outside of this state by or for the seller 
constitutes an import by the seller, and motor fuel delivered into this state 
from out of this state by or for the purchaser constitutes an import by the 
purchaser. 

KEROSENE: All grades of kerosene, including, but not limited to, the 2 
grades of kerosene, No. 1-K and No. 2-K, commonly known as K-1 
kerosene and K-2 kerosene respectively, described in American society 
for testing and materials specifications D-3699, in effect on January 1 , 
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1999, and kerosene-type jet fuel described in American society for 
testing and materials specification D and military specifications MIL-Tr 
and MIL-Td (grades jp and jp-8), and any successor internal revenue 
service rules or regulations, as the specification for kerosene and 
kerosene-type jet fuel. Kerosene does not include an excluded liquid. 

MOTOR FUEL: Gasoline, diesel fuel, kerosene, a mixture of gasoline, 
diesel fuel, or kerosene, or a mixture of gasoline, diesel fuel, or kerosene 
and any other substance. 

MOTOR VEHICLE: A vehicle that is propelled by an internal combustion 
engine or motor and is designed to permit the vehicle's mobile use on 
the public roads or highways of this state. Motor vehicle does not include 
any of the following: 

(i) An implement of husbandry. 

(ii) A train or other vehicle operated exclusively on rails. 

(iii) Machinery designed principally for off-road use and not 
licensed for on-road use. 

(iv) A stationary engine. 

POSITION HOLDER: A person who has a contract with a terminal 
operator for the use of storage facilities and other terminal services for 
motor fuel at the terminal, as reflected in the records of the terminal 
operator. Position holder includes a terminal operator who owns motor 
fuel in the terminal. 

RACK: A mechanism for delivering motor fuel from a refinery, a terminal, 
or a marine vessel into a railroad tank car, a transport truck, a tank 
wagon, the fuel supply tank of a marine vessel, or other means of 
transfer outside of the bulk transfer/terminal system. 

REFINERY: A facility used to produce motor fuel from crude oil, 
unfinished oils, natural gas liquids, or other hydrocarbons and from which 
motor fuel may be removed by pipeline, by marine vessel, or at a rack. 

REMOVAL: A physical transfer other than by evaporation, loss, or 
destruction of motor fuel from a terminal, manufacturing plant, customs 
custody, pipeline, marine vessel, or refinery that stores motor fuel. 

SUPPLIER: Means a person who meets all of the following 
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requirements: 

(i) Is subject to the general taxing jurisdiction of this state. 

(ii) Is registered under section 4101 of the internal revenue 
code for transactions in motor fuel in the bulk transfer/terminal 
distribution system. 

(iii) Is any 1 of the following: 

(a) The position holder in a terminal or refinery in this 
state. 

(b) A person who imports fuel grade ethanol into this 
state. 

(c) A person who acquires motor fuel from a terminal 
or refinery in this state from a position holder 
pursuant to a 2-party exchange. 

(d) The position holder in a terminal or refinery 
outside this state with respect to motor fuel which that 
person imports into this state on its account. 

Supplier also means a person who either produces alcohol or alcohol 
derivative substances in this state or produces alcohol or alcohol 
derivative substances for import into a terminal in this state, or who 
acquires immediately upon import by transport truck, tank wagon, rail 
car, or marine vessel into a terminal or refinery or other storage facility 
that is not part of a terminal or refinery, alcohol or alcohol derivative 
substances. A terminal operator is not considered a supplier merely 
because the terminal operator handles motor fuel consigned to it within a 
terminal. Supplier includes a permissive supplier unless otherwise 
specifically provided in the motor Fuel Act PA 403 of 2000 as amended. 

TANK WAGON: A straight truck having 1 or more compartments other 
than the fuel supply tank designed or used to carry motor fuel. 

TAX: Means a tax, interest, or penalty levied under this act. 

TERMINAL: A motor fuel storage and distribution facility that meets all of 
the following requirements: 

(i) Is registered as a qualified terminal by the internal revenue 
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service. 



(ii) Is supplied by pipeline or marine vessel. 

(iii) Has a rack from which motor fuel may be removed. 

TERMINAL OPERATOR: A person who owns, operates, or otherwise 
controls a terminal. 

TRANSPORT TRUCK: A semi-trailer combination rig designed or used 
for the purpose of transporting motor fuel over the public roads or 
highways. 

TRANSPORTER: An operator of a railroad or rail car, tank wagon, 
transport truck, or other fuel transportation vehicle engaged in the 
business of transporting motor fuel below the terminal rack. A person 
who transports motor fuel into or out of this state for another person must 
be licensed as a transporter. 

Copyright © 2005 State of Michigan 
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